Background The incidence of proton pump inhibitor (PPI)refractory gastroesophageal reflux disease (GERD) has been increasing. While surgical intervention with Laparoscopic Nissen Fundoplication remains the gold standard, less invasive anti-reflux interventions are desired. We have developed a minimally invasive anti-reflux mucosal ablation (ARMA) treatment. Herein, we report its technical details and describe its feasibility, safety, and efficacy in PPI-refractory GERD.
Introduction
Gastroesophageal reflux disease (GERD) is a common disorder with an increasing prevalence [1] . Proton pump inhibitors (PPIs) are effective in achieving symptom control and preventing complications [2] . Approximately 40 % of patients have persistent GERD symptoms despite PPI therapy, and there is increasing awareness with regard to the side effects of life-long PPI use [3, 4] . While laparoscopic anti-reflux surgery (LARS) remains the gold standard for PPI-refractory GERD [5, 6] , less invasive anti-reflux interventions are highly desired [7] .
In 2014, we reported the first case series of anti-reflux mucosectomy (ARMS) as an endoscopic procedure to rebuild the flap valve at the gastric cardia [8] . In ARMS, scarring of the artificial ulcer created by endoscopic mucosal resection (EMR) or endoscopic submucosal dissection (ESD) at the gastric cardia tightens the enlarged cardiac opening. We encountered a post-ARMS patient with unresolved symptoms due to insufficient cardiac opening shrinkage (▶ Fig. 1 ). However, additional Anti-reflux mucosal ablation (ARMA) as a new treatment for gastroesophageal reflux refractory to proton pump inhibitors: a pilot study * ARMS was expected to be technically challenging due to scarring from the previous treatment. Thus, anti-reflux mucosal ablation (ARMA) was performed and the ablated area showed a shrinking effect similar to ARMS.
This study assesses the feasibility, efficacy, and safety of ARMA in PPI-refractory GERD.
Materials and methods

Study design
This prospective single-center single-arm interventional trial was conducted at Showa University Koto Toyosu Hospital during the period May 2018 -January 2019. Inclusion criteria were the presence of at least one typical reflux symptom more than two times a week despite double-dose PPI treatment for at least 6 months, and pathologic esophageal acid exposure defined by a DeMeester score > 14.7 or acid exposure time (AET) > 4.2 %. Exclusion criteria were: age < 20 years; primary esophageal motility disorders; sliding hiatal hernia > 3 cm in gastroscopy; grade IV Hill's flap valve, or pregnancy. High resolution esophageal manometry was performed in all patients to confirm the absence of esophageal motility disorders.
The primary outcome was symptom improvement evaluated by the GERD-Health Related Quality of Life Questionnaire (GERD-HRQL) [9] and the Frequency Scale for the Symptoms of GERD (FSSG) [10] . Secondary end points were improvement in DeMeester score and AET in 24-hour esophageal multichannel intraluminal impedance (MII)-pH monitoring, changes in cardia morphology assessed by Hill's flap grade [11] , and safety.
This study was approved by Showa University Institutional review board (approval number: 17T5018) and registered on the University Hospital Medical Information Network (UMIN000032190). All participants provided written informed consent.
Baseline assessment and follow-up
All patients underwent gastroscopy, barium esophagography, high-resolution esophageal manometry, and MII-pH monitoring off PPI pre-ARMA. Baseline gastroscopy with esophageal biopsies was performed to rule out eosinophilic esophagitis. GERD-HRQL and FSSG questionnaires were completed by all patients pre-and 2 months post-ARMA. To compare the flap valve grade, grades I, II and III received scores of 0, 1 and 2 points, respectively.
Two months post-ARMA, all patients were scheduled for reevaluation using gastroscopy and MII-pH monitoring off PPI.
Anti-reflux mucosal ablation
All procedures were performed by a single operator using a gastroscope (outer diameter, 9.9 mm; GIFQ260J; Olympus, Tokyo, Japan) with a transparent hood as a distal attachment and a triangle-tip knife J (Olympus).
Patients were instructed to fast for 6 hours pre-ARMA, which was performed under general anesthesia or propofol-based sedation. Patients were in the supine or left lateral decubitus position. The stomach was insufflated with CO 2 to visualize the cardia in retroflex view. Markings were placed using the triangle-tip knife J connected to an electrocautery generator (VIO300D; ERBE Electromedizin, Tübingen, Germany) in spray coagulation mode (50 W, effect 2). Mucosal ablation was planned around the cardia on the gastric side in a butterfly shape with width of approximately 1.5 scope diameter, leaving two contralateral areas of normal cardia mucosa with approximately one scope diameter, to avoid stenosis (▶ Fig. 2b ). Saline with indigo carmine dye was injected into the submucosal layer along the markings using a 25-gauge needle. A submucosal cushion reduces thermal injury and the risk of perforation during ablation. Mucosal ablation was performed using the triangle-tip knife J in spray coagulation mode (50 W, effect 2). Adequate ablation depth was defined as reaching the submucosal layer, which could be confirmed by observation of the indigo carmine dye during ablation. All patients received post-procedural single-dose PPI for 1 month.
Statistical analysis
Medians and ranges were used for continuous variables and frequencies with percentages for categorical data. Bivariate analyses pre-and post-ARMA were performed using the Wilcoxon matched-pairs signed-ranks test. Two-sided P values < 0.05 were considered to be statistically significant. Statistical analysis was performed using JMP 14 (SAS Institute, Cary, North Carolina, United States). 
Results
Twelve consecutive patients with PPI-refractory GERD underwent ARMA (median age, 54.5 years; range, 29-75). Baseline characteristics are summarized in ▶ Table 1 . Two patients had previously undergone ARMS.
Perioperative results are shown in ▶ Table 2 . In all cases, mucosal ablation of the scheduled area was completed. The median GERD-HRQL score improved significantly from 30.5 (range, 16-45) pre-ARMA to 12 (range, 0-27) post-ARMA (P = 0.002) (▶ Fig. 3a) . The median FSSG score improved significantly from 25 (range, 13-39) pre-ARMA to 10.5 (range, 1-31) post-ARMA (P = 0.002) (▶ Fig. 3b ). The median Hill's flap valve grade also exhibited a significant improvement from 1.9 to 0.5 (P = 0.002).
Ten out of 12 patients were evaluated using MII-pH monitoring at 2 months post-ARMA; two patients refused to undergo another MII-pH procedure. Moreover, two patients were excluded as they had previously undergone ARMS. Thus, final MII-pH monitoring was analyzed for eight patients. The median DeMeester score was significantly reduced from 33.5 to 2.8 (P = 0.049) (▶ Fig. 4a ). The median AET showed a decreasing trend from 9 % to 0.5 % (P = 0.068) (▶ Fig. 4b ). Five out of eight patients showed a normalized DeMeester score (< 14.7) post-ARMA, allowing PPI discontinuation. The remaining three patients were still on PPI; however, their symptom scores improved significantly.
There were no immediate adverse events such as bleeding or perforation. One patient developed dysphagia 2 weeks post-ARMA due to stricture at the esophagogastric junction. The stricture was successfully managed by two sessions of balloon dilatations (with balloon diameter 13.5 mm) and the patient is now free from symptoms related to stenosis. Median hospital length of stay was 4 days (range, 0-7). One patient underwent ARMA under conscious propofol-based sedation and was discharged on the day of the procedure.
Discussion
The current prospective, interventional trial comprising patients with PPI-refractory GERD undergoing ARMA revealed that ARMA was well-tolerated and improved GERD-related symptoms and acid reflux by narrowing the cardiac opening, resulting in gastroesophageal reflux suppression.
Esophageal reflux is normally prevented by the anti-reflux barrier, which is a complex anatomic zone comprising the lower esophageal sphincter, extrinsic crural diaphragm and supporting structures of the gastroesophageal flap valve [12] . All patients in the current study had grade II or III Hill's flap valve, which was considered to be the primary cause of refractory GERD [11, 13] . Although LARS is considered to be the gold standard for PPIrefractory GERD, side effects including dysphagia, gas-bloat syndrome or inability to vomit are not uncommon [5] . Therefore, minimally invasive alternatives are needed. Various endoluminal techniques have been developed including transoral incisionless fundoplication [14] and radiofrequency energy delivery [15] ; however, no procedure has been accepted as the standard endoscopic treatment, especially in Japan, owing to costly proprietary device requirements. ARMA does not require specific expensive devices and does not leave any artificial material in situ.
Another important strength of ARMA is that it can be repeated regardless of the presence of fibrosis from previous therapies. The first ARMA (▶ Fig. 1 ) was conducted in a patient who previously underwent ARMS. ARMA was performed due to the patient's hesitation to undergo LARS and the technical and safety issues related to a second ARMS. ARMA improved the flap valve grade and ultimately resolved the patient's symptoms. Our experience with the patient suggested that mucosal resection can be replaced by ablation with a similar effect and ▶ Table 1 Baseline characteristics for patients in this study (n = 12).
Age, median (range), years 54.5 (29-75) GERD, gastroesophageal reflux disease; LA, Los Angeles; ARMS, anti-reflux mucosectomy.
▶ Table 2 Perioperative results for patients in this study (n = 12). the advantage of repeatability. In contrast to EMR, the ablation range and depth can be controlled, and the risk of perforation seems very low as ARMA does not require resection. To achieve an effect equivalent to ARMS, ablation should be deep enough to reach the submucosal space; therefore, submucosal injection is required for safety reasons.
Ideal candidates for ARMA are patients with PPI-refractory GERD with mild to moderate gastroesophageal junction morphology impairment (hiatus hernia < 3 cm and maximum Hill's flap valve grade ≤ III). It is unlikely that ARMA will completely replace LARS as ARMA may only be effective in the absence of a significant sliding hernia. We hypothesize that another optimal indication could be GERD after gastrectomy including sleeve gastrectomy, which is not an appropriate indication for LARS. ARMA in PPI-dependent patients merits evaluation as this growing patient population may also benefit from the technique.
At this point, certain study limitations must be acknowledged. Since this was a pilot, single-arm study, only a small number of patients with outcomes of short follow-up were assessed. Randomized trials are necessary to compare the outcomes of patients treated with ARMA and other methods including ARMS. The assessment by an unblinded single operator, and the lack of pH monitoring data in some patients are also limitations. A single experienced operator performed all procedures so the learning curve may be a potential limiting factor as well. However, we believe that ARMA is easier than ESD or capassisted EMR.
In conclusion, ARMA is a new endoscopic method for PPI-refractory GERD. Our pilot study suggests that ARMA is simple, safe, and improves GERD-related symptoms and objective acid reflux parameters. A larger study with long-term follow-up is required to confirm these results and to evaluate predictors of treatment success to optimize patient selection.
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